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References S31 Figure S1 . Control experiment. The 1 H-NMR spectra are: in brown binder B1 in DMSO-d6, in blue the detergent in D2O and in black the 1 H-STD-NMR of the control experiment (buffer in D2O
with 5% DMSO-d6), in which peaks corresponding to B1 or detergent are labeled with a circle according to the color of their spectrum.
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Methyl 2-cyclopentylacetate (E7):
This compound was synthesized according to GP-A, starting with 2-cyclopentylacetic acid (0.128 g, 1.00 mmol). Ester E7 was obtained as a colorless oil (0.132 g, 0.928 mmol, 92% 2-(Thiophen-2-yl)acetohydrazide (H1): [3] This compound was synthesized according to GP-B, starting with ester E1 
Expression and purification of ThiT
The expression and purification of wild-type, substrate-free ThiT were performed as described previously. [1] 
DCC experiments
Buffers were prepared as follows: Deuterated buffers were prepared in the same way but using D2O instead of H2O, and adjusting the pH to pH 4.6 (pD 5.0) and pH 6.6 (pD 7.0).
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H-STD-NMR spectroscopy
General remarks. 1 H-STD-NMR experiments were performed on a Varian Inova 600 MHz spectrometer equipped with a 5 mm indirect detection probe head, at a temperature of 25 °C. Control experiment with a known binder of ThiT: First, a buffer-exchange column was used to transfer ThiT from the buffer pH 7.0 (0.5 mL, 12.8 μM) to the same buffer but with D2O (pD 7.0), using a NAP-5 column (GE Healthcare), which afforded ~400 μL of 9.8 μM ThiT. To this solution of ThiT, compound B1 (4 μL, stock solution of 20 mM in DMSO-d6), buffer pD 7.0 (75 μL) and DMSO-d6 (21 μL) were added. Given that a 20-fold excess of compound B1 with respect to the protein was not enough to obtain a good 1 H-STD-NMR spectrum, the concentration was increased to 100-fold by addition of B1 (3.2 μL, stock solution of 100 mM in DMSO-d6).
Experiment with ThiT and DCL. Preparation of ThiT and the DCLs:
First, a buffer-exchange column was used to transfer ThiT from pH 7.0 (0.7 mL, 20.7 μM) to the same buffer but with D2O
(pD 7.0), using a NAP-5 column (GE Healthcare), which afforded ~950 μL of 10.0 μM ThiT.
Knowing the volume and concentration of ThiT available for the experiment, the amount of building blocks was calculated to have a 100-fold excess of aldehyde A. In each DCL, 1.2 eq of each hydrazide with respect to the aldehyde were added (there were 4 hydrazides in each DCL:
in total 4.8 eq of hydrazides with respect to the aldehyde). 
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Binding-affinity determination
The binding affinities of the acylhydrazones AH1-AH6 for ThiT were determined by Isothermal Titration Calorimetry (ITC) as described previously. [4] The measurements were performed with concentrations of 10 to 19 μM of ThiT, and the concentrations of acylhydrazones used were 26.5
to 150 times the protein concentration, depending on the affinity of the protein for the specific acylhydrazones.
